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OVERVIEW

Model-Based Systems Engineering at Maryland

* Model-Based Systems Engineering (MBSE) at ISR
Snapshots of Research

« Working with GPM: PaladinRM Software Tool.

*  Working with Semantic Web Technologies.

» Integration of NLP with Ontologies and Textual Requirements

Acknowledgements / Co-Workers

« At UMD: Scott Selberg, Natasha Shmunis, Vimal Mayank, Cari Wojcik, John
Baras, Reza Ghodssi, Matt Mosteller, Nefretiti Nassar, Parastoo Delgoshaei,
Eddie Tseng, and Leonard Petnga.

« At NASA: David Everett, Jessica Knizhnik, Craig Carignan.

The
Institute for

Systems

Research

THE A. JAMES CLARK SCHOOL ofENGINEERING w3
UNIVERSITY OF MARYLAND =




MODEL-BASED SYSTEMS ENGINEERING

Definition and Scope

* Formalizes the development of systems
through the use of models.

» Broad in scope, across multiple stages of
system development and multiple physics.

Benefits of MBSE

» Allows for the development of virtual
prototypes.

« Facilitates communication among
disciplines in team-based development.

« Enables semi-formal and formal
approaches to system assessment.

« Management of system complexity.
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MODEL-BASED SYSTEMS ENGINEERING

Tenet 1: Create Big-Picture View and Emphasize Model-Based Systems Engineering.
The mathematics needed for formal approaches to systems engineering is foreign to
many engineers.

Customers / Users

o J:[ Requirements J:[ Engineering
Qrganization
— Legal agreement System

|
REAL WORLD SPACE :
|

A ' A
I
I Data | | Sol’ns Data | Sol’ns
| | I
MODELING SPACE | ' \
! | Y : Y |
Strategy O~ ol Capture m Behavior
Businesss processes Representation Cost
Resoucrces Organization Assembly
Staff 00000 - ——— Evaluation |*I ————— Maintenance
T Allocation / Flowdown Ret -
' Traceability | | . . .
Validation / Verification L: Ditiscential Hquations
Management |||

- Evaluation of logical relationships

I — || - on large graphs.
Organization Project
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MODEL-BASED SYSTEMS ENGINEERING

Tenet 2: Emphasize Disciplined Approaches to Design. Techniques include
decomposition, abstraction, and formal analysis.

vl
8 ] - . . . .
= Requirements Requirements Build little design logic
W models.
iﬁ — Analyze them thoroughly
g Phase where for potential vielation of
3 Preliminary Design —  design decisions Formal Representation requ}rements. :
an are made. . Don’ move forward untl
g ~ of Requirements — . .
g __ design (or parts of design)
8 $ $ are provably correct.
A Detailed Design ] - ,
; Systemn Architecture ) | Reduced relance on
testing here ... to minor
[ . Phase where issues.
Implementation | desien errors -
- &n Implementation
$ %r are found. L y n
i _ Early detection of errors and "system operation™ that
V Testing ] is "correct—by—construction”...

Traditional Approach to Design and Test....
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MODEL-BASED SYSTEMS ENGINEERING

Tenet 3: To keep the complexity of design activities in check, we need to employ
mixtures of semi-formal and formal approaches to system development.

Design Issues
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/ e N\ S i ,g‘ i
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MODEL-BASED SYSTEMS ENGINEERING

Motivating Application Area 1: Buildings!

Automated Buildings Evolution

2002-

A

Total Automated ) _
Bullding Market DDC Revolutian

v

Multiplexed Electronics
Head End Computers

The Eiftel Tover - April 1888

Lan

Other
Standards

Elecironic
Eiectric

Pneumatic | Cantrois

1800 1825 1950 1860 1880 1880 1995 2000

AutomatedBuildings.com avngion cor
Pearl River Tower Complex Green Technology Tower — Architectural Proposal for Chicago
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MODEL-BASED SYSTEMS ENGINEEERING

Motivating Application Area 2: Platforms for Biomedical Experimental Research

—
Application Requirements
* Functional

* Performance

¢ Interface

e Test

Application Models
¢ Behavior

¢ Structure

* Interfaces

Library of Design Options

-- Component Behavior
-- Component Structure
-- Component Interface

Application Space
(Motivated by Biology)

Biomedical Application Instance

Family of Applications

Design Goals and Constraints

Mapped

to Platform Constraints

Relevant Design Parameters

Architecture Space
(Driven by Engineering)

Options for Implementing

| .
\the Physical System

Biomedical Device
Architecture Instance

stm [State Machine] INCOSE - State Machine Diagram [ ) INCOSE - State Machine Diagram] J

Biological Component Simulation

Physical Experimental Device System

Computing/
User Provides Running Simulation

Inputs

Waiting for
Inputs

Output
L Results

Simulation Saved
to Memory

System Idle-Waiting Provide
for User Experimental

Inputs

Terminate

Experiment System Active/
Experiment
in Progress

Data Processor

Sensing Network

—>{ Sensing }<—————{  standby |

Request for
Data

To
Processor

Transmitting
Data

Experiment Biological

Sensor Suftwars/

Inputs Element

Signal

Network Processing

T

Physical
System
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PART 1

WORKING WITH GPM (2002-2003)
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WORKING WITH GPM

Co
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v
Co \
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Compaction of
the tree representation

— into a graph.
Requirements are organized into layers ; g
for team development.
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Flowdown

Requirement
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WORKING WITH GPM
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WORKING WITH GPM

Paladin RM Graphical User Interface.

:| 8-32 ‘ 4-343 8-286 11-346

] Radar Instrument Core Spacecraft Constellation Late Delivery of DPR
Requirement Launch Yehicle Make-up by JAXA

Hardcopy of Requirements .....

Print hardcopy ...
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PART 2

WORKING WITH SEMANTIC WEB
TECHNOLOGIES




WORKING WITH SEMANTIC WEB TECHNOLOGIES

Layers of Abstraction Semantic Web Technology Stack
Applications Applications and Interfaces
T Trust
Ontology and reasoning Froot
layers
Unifying Logic
Ontology: OWL Rules: RIF -
®)
+ RDFS =
Data layers 2
* Data Interchange: RDF -
Representation / syntax ANIL
layers
* Unicode URI
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MBSE CAPABILITY 2020 -- 2025

TF Reduced cycle times System of systems Design optimization across broad trade space
MBSE Capablht! i ili Cross domain effects based analysis

DRAFT

Institutionalized J une 24, 200 7 /

MBSE across Distributed & secure model repositories
Academia/Industry] crossing multiple domains
/ /

I Defined MBSE theory, ontology, and formalisms I

2 = =
\II)VeflI d E Architecture model integrated
MBSE B with Simulation, Analysis, and Visualization
§ < -Planning & Support
Matured MBSE methods and metrics, anning gPP
Integrated System/HW/SW models *Research
«Standards Development
L= in/MBSEé.an e *Processes, Practices, & Methods
Ad Hoc MBSE _vrg - *Tools & Technology Enhancements
Document Centric I -Outreach, Training & Education R
2010 2020 2025
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WORKING WITH SEMANTIC WEB TECHNOLOGIES
ONTOLOGY MODELING AND RULE-BASED REASONING

Fact. Sam is a boy. He was born October 1, 2007. Q Q

| hasAge
|

Rule 1: For a given date of birth, a built-in function hasWe;gEF“--'LasB;nhdate Q
getAge() computes a person’s age. 5

f
i attendsPreschool
i

| |
Rule 2: A child is a person with age < 18. [ wae ][ Femae | [ cua ]
/\
Rule 3: Children who are age 5 attend preschool.
Boy
Feb 1, 2008 Feb 1, 2013 Feb 1, 2015
[ : : ] l true
The Facts . hasAge hasAge 5 /1/ attendsPreschool : hasAge
Age Rul ' '
[ Sam ]— - - -»[ Sam ] ————— -»'[ Sam ] ————— -.'[ Sam J
‘E'! hasBirthdate f" hasBirthdate L hasBirthdate ﬁl' hasBirthdate
[ Oct. 1, ZW] [ Oct. 1, 203?] [ Oct. 1, ZOU?J [ Oct. 1, Z(U}'J
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WORKING WITH SEMANTIC WEB TECHNOLOGIES

&) XML Requirement Viewer - Microsoft Internet Explorer :—]@
Fio Edt View Favorkes Tools Heb i
Requirements . \ A
Endincering Semantic Web Layers Qo - M B Q| Dserer St @rete @) 2 B
] hp:j7192.168.10. 10/xml. 1/ TimeRefevence req.xml vIBe ks »

Creation

Time Reference Metronome Block Diagram
Requirements Tree

Volume
Conral
Time Reference

(‘.lassmunnn‘
Resource D io —— — X

Framework + Scl 3 Auditory Signal  Adjustable Frequency: ’
Validation N |
, 3 Volume Conerol Froqueny  Oscllitor | | Amplificr | Speaker
XML - Structured documents Control
s + XML-Schema User Ineerfice Range

(Unicode)

S
Scalable Vector [ - c Power

Graphics =T

Requirements
Engineering

Operations Concept.

A physical device which displays a signal at regular Grequency. <

Need

For a performing musician it can often be difficult to sustain a constant beat. This s especially true when the music 1s
complex, or very slow and sustained. A physical time reference allows the musician to train his or her mtemal clock to a

higher degree of precision
Requirements

Management

Satisfied By

pport

RDF Link: Metronome. com xml

Resource Description

Compliance amework + Schema

Verification

XML - Structured documents

RDF Link: AudstorySignal req.xml
Namespaces + XML-Schema “*—_______ i
RDF Link: AdjustableFrequency.req.zml Requ"emems
Universal Resource .
.~ (Unicode)
Identifiers

Rationale
Management

Traceability

Entry: 12:38:03 PM 3/2/02

Source: Scott Selberg, MSSE Graduate Student .. :

© Internet
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ENCE 688R / MSSE PROJECT WORK
DESIGN AND TRADE-OFF ANALYSIS WITH RDF GRAPHS

Trade-off Analysis: Min Cost versus Max Performance

System-Level Architecture Library of Components
2000}
. o | L R
Add new components . A S A : % .
2 I:l - - to library. 18001 : ; : s :
. 3 . H
.
1600 . . J
Select . K = :
components System Design Alternatives = A .
& 1400} . .
O . .
.3 . :
|: Environmental Model |:| 1200} . ° g
. .
Configurator - . . .
.
|: User Requirements 1000 - . . H
.
Problem Definition 800 ‘ ‘ . ‘ : . :
. . 16 18 20 22 24 26 28 30 32
RDF Graph Models Inference—Rule Driven Graph Transformations Performance
Design Architecture COIIlpOIICIIt Feasible System Trade-off Analysis: Min Cost versus Max Reliability
Components Connectivity Compatibility Configurations 2000
1800
1600
l §1400
Desgin Problem Requirements Feasible System Trade—Space
&l L O—p| | duen - IDIe DY B >P
Requirements Verification Designs Analysis o
800

20 30 40 50 60 70 80 90

Source: Nefretiti Nassar, MSSE Graduate Student.

4 ) K t ) The

Institute for

Systems

Research

THE A. JAMES CLARK SCHOOL ofENGINEERING 1
UNIVERSITY OF MARYLAND L




WORKING WITH SEMANTIC WEB TECHNOLOGIES

New idea (2005): Ontology-enabled Traceability Mechanisms

State—of—the—Art Traceability

[ Requirements ]4 >{ Engineering }

Model

Proposed Model for Traceability

Physical System
'd ] N\ 'd ] 1\ . 1 ] ] N\
Requirements quety -  Design Imprement Engineering — H
D notification Concept < data Model -
| .
Design “ J
- Rule Sensors ij |
Checking B
L B Sensors
Visual indicator of requirements status.

Approach: Requirements are satisfied through implementation of design
concepts. Now traceability pathways are threaded through design concepts.

Key Benefit: Rule checking can be attached to “design concepts” (ontology),
therefore, we have a pathway for early validation.
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WORKING WITH SEMANTIC WEB TECHNOLOGIES

Physical System
N " query Design implement Enginceriog -
notification Concept data Model r -
- e TS i
= Checlcu:g - JZEDSOIS
S
Digital Clock View Individual Train Behavior(s)
06 Time of Day i ) i A 8006 |
Time Model Train Model Train Statechart |
1 4 n 2 9 ] 2 2 \ ; i J \ . i / Service Begins
u B [ ————— | | User action
Scheduler Statechart View o 7 o 7 [ LIEREHES } %‘" of Se""ce]
Clock Controller Train Controller
%chedulerSlalechan L ) L J l Service Ends J
: ' Y
1 I l
Start : : |
[t==Sam] 1 1
\dle Y ¥ System—Level Behavior of Trains.
[t==2am r
i ——— Wheaton
Edd . Scheduler Controller -
- T
1
I Property changed
: - ilver Spring
listeners listeners ' -
'l ™ 7 ™ ~ ™~ akoma Park
. = = - - - - -#=  Metro System
Requirements Controller Ontol Controller [———
“qu ONHOTEL | g - - 4 VH0loEY Lonto -t - - 4 Controller
‘ 2 \ ‘ , \ ‘ J
1 ‘ 1 # 1 * Fort'Totten
s : ™ - ! ™\ s ! ™ =
Requirements Model Metro System Metro System verle D\ Catholic Univ
Ontology Model Model o
Reql ) ;
___________________ Metro Center Gallery Place nion Station
Req2. C > ¢ > C > Structure ...
i _lie_q_3_ _____________ _ > > Behavior ... Smithsonian L Enfant Plaza Eastern Market
L J L J L J h » bl
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WORKING WITH SEMANTIC WEB TECHNOLOGIES

Requirement level (textual representation) | —— e
CThe metro system will start working at 5 am. - | S

Rule level (SWRL)

scheduler(?s)* hasTime(?s,?t) * swrlb:greaterThan(?t,5) * train(?tr)

A isAvailable(?tr,true)=>sendTrain(?s,?tr) S

Guard Statement Scheduler Statechart

"‘I'he transitior: from idI.e to active is conditional on o A

[t ==5 am.]” evaluation results. __________ Stgrt o
[t==5am,) Train g

Expected Behavior o [—ﬁ]
« The scheduler statechart will transition from idle oy

to active at 5:00 am. N A J
* The statechart of at least one train will transition | |

to the “At Station” state.
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STATECHART TO REQUIREMENT TRACEABILITY
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Physical System
Wheaton Requirements | —2Y gl Design | implement  f g i cering n
ootification Concept data Model -
= Design .
= Rule Sensors mH | ™
Checking = Sensors
s
F 4
/S
J
y
' 4
/,/ - NN Train Statechart
fop’loum Trainh Statechart View
r [Run)/runi
y —_—
u /Sn‘ccl Catholic Univ ,[ ]
9o stop
Metro Center é‘lkly Place nion Station
x .
) L - - 25
Smithsonian L Enfant Plaza Eastern Market [SafeDistance]/stop0
L ] o e Py
AND Washington DC Metro System (Table View) A N Requicements Hierarchical View
Design Constrames
Requirement Table - v
¥ B Safety Constraims
req4d Dunng rush service trams run mo. . false m
reqs The distace between two rains s true ~—— .
req?2 Metro will be closed at midnight S .. false Mathematical Constraints
reqs’ Metrorad will operate rush hour s... false ¥ B Timing Constrants
reql Metro will be open at S a.m. wee .. false reqd
reqb During normal service hour trains . false req2
req3
- reql
12 reqb
The




WORKING WITH SEMANTIC WEB TECHNOLOGIES

Parastoo finishes MSSE Degree in Dec. 2012. S v = e

. . L : e | A_E:
Matriculates to Ph.D. in Civil Systems in Jan. 2013. % = e e

Design Rules and Reasoner Ontologies and Models Engineering Model Remarks
( ) System structures are
Design Rules Classes --—- System Structure y
modeled as networks

and composite hierarchies

¢ ’—> [ Relationships]
H of components.

I
|
i
i
i
i
[ Reasoner ]4* I
[ Properties ] : | Behaviors will be
i
i
|
|
|
|
|
|

&

associated with components.

~ d System Behavior
define Discrete behavior will be
Textual Requirements ¢ oy
9 ﬂ modeled with finite
Instances u state machines.

Continuous behavior will be
represented by partial
differential equations.

verify |
Individual ~ ~ |---- — = { Data ] —— -4
Requirement ‘
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WORKING WITH SEMANTIC WEB TECHNOLOGIES

Requirement: Cooling coil will be locked out for winter operation (55 F)

Rule: (?cc RDF:type Cooling) (?cc ont:isLocked? ?I) (?out_temp ont:hasValue ?v)
lessThan(?v,55) ->(?I, true)

gl =\ 4
HVAC Ontology Onotlogy Sanpshot
M Class has
m Datatype Property | Zone outdoor temperature 60 outdoor temperature 54

I Object Property

, inZone AT @
connect ismkw

Uo7

Condenser AHU

Thermostat

I e [Ther mI] ﬁ'hcr m]I] Winter Operation Rule

Fan Coil Wire

~ 0 '
e
leakage ||lockedOut

The
Institute for

Systems

Research

THE A. JAMES CLARK SCHOOL ofENGINEERING i v
UNIVERSITY OF MARYLAND L




WORKING WITH SEMANTIC WEB TECHNOLOGIES

Behavior Modeling and Control Building Floorplan / Architecture
( A |800 Plan View
( h (" h File Layers Graphics Q L | |—= editing Task: [ Add Door
Actuators Indoor Sensors L 2 —J

— switch — thermal
Open e Idle
— damper Push data — humidity o e .
— valve — luminance e RS 1
— occupancy o
N ]
How Read [EFTEES 1
2
1
[F3}— ' B
-

|
|
|
I
I
|
A 5 L] !
Pushdata = |
Components a — [ ) % y
[aT}
[=] 1 |
. —

k=] — pipe e L 1
%' — fan Ontology + Rules + Instances o : e o2 |
e — pump - 1 ip-3 :
— hfc coil 1 : |
Synthesis = u 1 !
L | eI :
- 2l
Control Algorithms L L L L L L L L il 1
[Temp <set d el :

& Ocoup4] m [Tempzct] Cloee heating coil I

Open heatingcoil valve 90% idle valve !

- !

|

\ J () Grid Metro Svuem! Metro Area Building System (&) Floorplan System

1
v Automated synthesis of building simulations.

Building Simulation

——Time history simulation.

L —— Performance assessment.
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PART 3

INTEGRATION OF NLP WITH
ONTOLOGIES AND TEXTUAL
REQUIREMENTS




State-of-the-Art Practice / Our Idea

State-of-the-Art Practice: Transforming Textual Requirements into Models

Pages of Text Simplified Model of Requirements

Problem size: 100°’s — 1000’s
manual translation Of pageS.

Difficulties: slow, error prone,
no support for validation.

v

Our ldea: Integration of NLP with Ontologies and Textual Requirements

Feedback
Pages of Text * Validated Model of Requirements
Q Property Analysis
—> r 1 . .
NLP > O O > and Validation >
- ;}rl;;ﬁgf Z?;Iri(ga% Domain Ontologies

The
Institute for

Systems

Research

THE A. JAMES CLARK SCHOOL ofENGINEERING o 3
UNIVERSITY OF MARYLAND




Working with the Natural Language Processing Toolkit (NLTK)

raw text
(string)

sentence
segmentation

|
1
l

|

sentences
(list of strings)

tokenized sentences
(list of lists of strings)

pos-tagged sentences
(list of lists of tuples)

|

entity
recognition

|

l

chunked sentences
(list of trees)

|

relation
recognition

|

part of speech
tagging

relations
(list of tuples)

Source: Scholarly Paper, Andres Arellano, 2014.
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Working with the Natural Language Processing Toolkit (NLTK)

Tokenization: Identify and provide access to individual words in the text.

text = "These prerequisites are known as (computer)
system requirements and are often used as a
guideline as opposed to an absolute rule."
tokens = nltk.word tokenize(my string)
print tokens
=>
[ ' These’, ’'prerequisites’, ’'are’, ’'known’, ’'as’,
(', 'computer’, ’')’, ’'system’, ’'requirements’,
'and’, 'are’, 'often’, 'used’, ’'as’, 'a’,
guideline’, ’'as’, 'opposed’, ‘to’, 'an’,
"absolute’, ’'rule’, ’'.’]
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Working with the Natural Language Processing Toolkit (NLTK)

Part of Speech Tagging: ldentify the role each word plays in the sentence.

my string = "When I work as a senior systems
engineer, I truly enjoy my work."

tokens = nltk.word tokenize(my string)

print tokens

tagged tokens = nltk.pos tag(tokens)

print tagged tokens

=>

[('When’, 'WRB’), ('I’', 'PRP’), ('work’, ’'VBP’),
(‘as’, 'RB’), ('a’, 'DT’'), ('senior’, ’'JJ'),
('systems’, ’'NNS’), (’'engineer’, 'NN’), (',', ','),
(‘I’, 'PRP’), (’'truly’, 'RB’), (’'enjoy’, 'VBP’),
(‘my’, 'PRP$’), ('work’, 'NN"), ('.", ".")]

Legend: WRB = Wh-verb (e.g., How, where, why), PRP = Personal pronoun
(e.g., 1); RB = Adverb; JJ = Adjective, VBP = Present verb tense, etc.
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Working with the Natural Language Processing Toolkit (NLTK)

Chunking: These are patterns of part-of-speech tags that define what kinds of
words make up a chunk.

s
WhenWRB IPRP workVBP asRB aDT  seniord)  systemsNNS NP . IPRP tuyRB enoyVBP myPRPS NP
engineer NN work MM
]
_'_,_-—'—'_'_'_'-'_'_'_'-'_ -
When WRB IPRP workVBPF asRB  alT NP .+ IPRP tulyRB  enjoy VBF my PRPS MP
seniorJJ  systemsNMS engineer NN work NM

Chinking: Patterns for what kinds of words should be excluded from a chunk.

5
———_e J'r
NP work VBP  asRB NP truly BB enjoy VBP NP

When WRB | PRP aDT seniordd  systems MNS engineer NN .. |PRP my PRPE  work NN
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Systems Integration / Prototype Software Implementation

| Model |

id :integer

name :string
created_at :datetime
updated_at :datetime

RubyonRa.ils\

Controller

Model Architecture

Model

(Active Record) Entity

id :integer
name :string
model_id :integer
created_at :datetime
updated_at :datetime

Controllers

System
Property Y
. id :integer
‘Web Browser id :integer . g .
. entity_id :integer
name :string o4 s
Lo model_id :integer
entity_id :integer .
. name :string
created_at :datetime .
. created_at :datetime
(o N updated_at :datetime ) e
- ~ ~N ~N ~ SystemsController updated_at :datetime
EntitiesController ModelsController PropertiesController SystemRequirementsController analyze
create create create create create
destroy destroy destroy destroy destroy
(o N | edit edit edit edit edit SystemRequirement
ApplicationController . : . . .
index index index index index L
new new new new new 'fl .1meger
show show show show show title :string
update update update update update description :text
\ layout ) validate system_id :integer
created_at :datetime
_layout _layout _layout _layout dated at :dateti
entity_params model_params property_params set_system_requirement _layout \UP ated_at :date me )
\ set_entity ) \set_model ) \set_property ) \system_requirement_params ) set_system

system_params
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Simple Aircraft Application

Ontology Model E

+Model: Transportation
+Entity: Aircraft
+Engines

+Wings

+Slides

+Throttle Levels
+Altitude Indicator
Length: 254 meters
Passengers Capacity

TextReq Validation Systems  Requirements  Models  Entities  Properties TextReq Validation Systems  Requirements  Models  Entities  Properties

Model Entity

Name: Transportation Nal_ne: Airc.raﬂ
Entities: Track Properties: engines
Station w.lngs
Rail Line slides
Train throttie levers
altitude indicator
Route
) length
Aircraft

passengers capacity

Back Edit Delete Back Edit Delete
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Simple Aircraft Application: Requirements

TextReq Validation Systems  Requirements  Models  Entties  Properties A

System Requirements

Id Title Description System Actions
1 A plane needs wings A wing is a type of fin with a surface that produces aerodynamic force for flight or propulsion through the 1 Edit
atmosphere
3 The plane needs throttle levers  Each thrust lever displays the engine number of the engine it controls 1 Edit
4 The length of the plane The length of the entire aircraft should be 254 meters 1 Edit
5 The plane should have engines  An aircraft engine is the component of the propulsion system for an aircraft that generates mechanical power 1 Edit
6 The capacity is 255 The aircraft needs to have a passengers capacity of 255 1 Edit
passengers

The
Institute for

Systems

Research

THE A. JAMES CLARK SCHOOL of ENGINEERING
UNIVERSITY OF MARYLAND




Simple Aircraft Application: Analysis of Requirements

Basic Properties
Property Value
Chars 547
Len tokens 94
Sentences 1
Porter stems 94
Lancaster stems 94
Whnl stems 94
Objects
NN
NNS
NP

The
Institute for

Systems

Research

THE A. JAMES CLARK SCHOOL ofENGINEERING i v
UNIVERSITY OF MARYLAND s il




Simple Aircraft Application: System Validation

System Validation

Verfied properties
Unverified properties
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